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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cutting tool further improving oxidation resistance by reducing residual 
compressive stress, realizing the thickening of a film and adding a prescribed third component to TiAl, in a TiAl film. 
SOLUTION: In a multilayer coated hard tool coated with at least two or more layers of a layer [A] composed of the 
Pv nitride or the carbonitride of Ti and Al wherein the percentage content of Ti to Al is 75 atomic % or more and 98 

■ "\ atomic % or below and a layer [B] composed of the nitride or the carbonitride of Ti and Al wherein the percentage 

^* ^content of Ti to Al is 20 atomic % or more and 65 atomic % or below, the tool is composed by making the value of the 
* x (£\00)/l (111) of the [A] layer 1 or below and making the value of the I (200)/l (111) of the [B] layer 1 or more. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The layer which the content of Ti becomes from the nitride of Ti and aluminum which is below 98 atom % 
more than 75 atom %, or a charcoal nitride to aluminum [A], In the multilayer covering hard tool which covered at least 
the layer [B] which the content of Ti becomes from the nitride or charcoal nitride of Ti and aluminum which is below 65 
atom % more than 20 atom % to aluminum more than two-layer The multilayer covering hard tool characterized by for 
the value of I (200)/l (1 1 1) of [A] layer being one or less, and the value of I (200)/l (1 1 1) of [B] layer being one or more 
when on-the-strength I (1 1 1) of a field in X-ray diffraction (111) and the intensity of a field (200) are set to I (200). 
[Claim 2] The multilayer covering hard tool characterized by having the layer which the content of carbon increases 
from a base front face continuously toward the orientation of a coat front face in a multilayer covering hard tool 
according to claim 1. 

l [Claim 3] The multilayer covering hard tooLchara cte rized by transposing a part of Ti to the domain of 0.1 atomic ratios 
^ v to 50 atomic ratios by one sort of Zr, r+f.fis? .W, Y^fCe, and Nd, or two sorts or more in the claim 1 and a multilayer 
N^covering hard tool given in two. 

[Claim 4] The multilayer covering hard tool characterized by having at least one layer of the oxide layers of aluminum in 

a multilayer covering hard tool given in three from a claim 1. 

[Claim 5]<The multilayer covering hard tool which has that a base is a cemented-carbide insertion in a multilayer 
covering hard tool given in four from a claim 1. $ 
[Claim 6] The multilayer covering hard tool characterized by a base being a high-speed-steel end mill in a multilayer 
covering hard tool given in four from a claim 1 . 

[Claim 7] The multilayer covering hard tool characterized by a base being a cermet insertion in a multilayer covering 
hard tool given in four from a claim 1 . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the covering hard tool which has the outstanding abrasion resistance. 
[0002] 

[Description of the Prior Art] To conventionally common TiN or TiCN coating, aluminum is made to contain in recent 
years, the research which raises abrasion resistance and oxidation resistance is made, and various examples which 
accept the addition effect of aluminum also exist so that it may be represented by JP,4-53642,B and JP,5-67705,B. 
Moreover, an artificial grid (superlattice) is formed and the example which has improved the property of a coat also 
accepts. The present condition is that enhancement is being made by these invention to the coat in which 
conventionally common TiN and TiCN coat contain aluminum. 
[0003] 

[Problem(s) to be Solved by the Invention] however, the inclination that a cutting speed becomes still quick in the 
latest cutting in order to acquire a high efficiency — it is — moreover, metal mold — also in a manipulation, although* 
the soft steel before heat treatment was cut in many cases conventionally, the present condition is that the example 
which processes the high degree-of-hardness material after heat treatment directly is increasing in such a high speed 
cutting and cutting of a high degree-of-hardness material, although addition of aluminum raises the oxidation 
resistance of a coat and makes abrasion resistance improve rather than TiN coat, it is now — it is not enough 
satisfactory The coat in which the ground was generally formed of the ion plating has compression residual stress, and 
the thickness of a coat follows this compression residual stress on becoming thick, and increases it. In TiN, TiCN coat 
and (TiAl) N, and CN (TiAl) coat, at most 5 micrometers of the thickness of the coat to which the adhesion 
deteriorates, therefore a coat can be equal to use in the present condition in connection with the increase in 
compression residual stress are a limitation. That abrasion resistance is inferior in the tool which was covered with the 
ion plating for the reason compared with the covering tool which has the 10-1 5-micrometer thickness in which vacuum 
evaporationo was carried out by the chemical vapor deposition (CVD) was the fact which cannot deny. Moreover, by 
formation of an artificial grid, it is a fact that the hardness of a coat improves, although wear-resistant enhancement 
accepts, such a hard coat has high Young's modulus, and it has the compression residual stress with a very high coat, 
and a limitation forms at most 3-5 micrometers. Since such an artificial grid coat has high compression residual stress, 
it has a big technical probrem in adhesion. 
[0004] 

[Means for Solving the Problem] While this invention persons reduce a residual compression stress, realize 
thick-film-ization in an ion-plating coat and make abrasion resistance improve as a result Furthermore, by carrying out 
multilayer covering of two sorts of coats from which a stacking tendency is different, as a result of performing the 
research which makes oxidation resistance improve A residual compression stress came to acquire the knowledge that 
oxidation resistance improves further, by being able to realize thick-film-ization and adding the 3rd predetermined 
****** to TiAl, without increasing. 
[0005] 

[Function] Generally, in an ion plating, a coat has a priority growth azimuth in a crystal growth, and, as a result, the coat 
with the pillar-shaped crystal structure is formed. If one pillar-shaped crystal grain child is taken out, it is the single 
crystal with which a crystal growth strong against a fixed azimuth accepts, and there are very few internal defects. 
That such a crystal forms membranes continuously is the cause which a residual compression stress increases in 
connection with the increase in the thickness of a coat By carrying out multilayer covering of two sorts of coats from 
which a priority growth azimuth is different, respectively, it came to develop the technique which introduces many 
lattice defects into the interface of a coat and a coat. That is, in carrying out multilayer covering of the nitride of Ti 
and aluminum which carries out orientation to the nitride, the charcoal nitride, and field (200) of Ti and aluminum which 
carry out orientation to a field (111), and the charcoal nitride, an interface becomes discontinuous, epitaxial growth is 
suppressed and many lattice defects are introduced. The rearrangement of the lattice defect of these many is carried 
out during growth so that the residual compression stress of a coat may be eased, and it suppresses the residual stress 
of a result and a coat and enables thick-film-ization. For example, when 0.5 micrometers of the nitrides of Ti and 
aluminum which carry out orientation to (200) are formed, residual stress is 1.2GPa, if 10 micrometers of this coat are 
formed, a residual compression stress will exceed 8GPa and adhesion will deteriorate remarkably. When 0.5 
micrometers of the nitrides of Ti and aluminum which carry out orientation of the nitride of Ti and aluminum which 
carries out orientation on the other hand (200) to 0.5 micrometers and (111) and from which composition is different 
are formed and a 1 0-microrneter coat is formed in multilayer covering of this repeat, the residual compression stress is 
2GPas at most what should be surprised. Therefore, according to this invention, thick-film-tzing of the nitride of the 
compound of Ti and aluminum and a charcoal nitride is easily possible, and it is possible to give very high abrasion 
resistance, without as a result degrading the adhesion of a coat in a covering tool. 

[0006] Furthermore, it accepted that the crack generated on the coat front face during cutting is in the inclination that 
the transmission is suppressed, in the interface of the coat from which the orientation of a crystal growth is different. 
That is, many lattice defects of an interface ease the stress concentration generated at the nose of cam of a crack, 
and high resistance is shown to transmission of a crack. Simultaneously, a crack suppresses sharply the deficit of the 
edge of a blade which spreads in accordance with an interface and originates in the transmission to a base, and it, when 
progressing further. Therefore, in order that a crack may seldom spread the multilayer covering hard tool which this 
invention twists while it has high abrasion resistance by thick-film-ization, it has high toughness simultaneously. 
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Therefore, when a coat is thick, the thing [ ****** ] for which a tool life is raised when comparatively thin cannot be 
overemphasized. Moreover, as a result of adding a research to the oxidation-resistant enhancement in the nitride of Ti 
and aluminum, and the charcoal nitride itself, it found out that oxidation resistance was improved remarkably by adding 
a component called Zr, Hf, and Y. Moreover, as for the multilayer coat by this invention, for a parvus reason, a residual 
compression stress shows very high adhesion also to high-speed steel and a cermet alloy extremely like the 
above-mentioned. Generally compressive stress generates the coat of an ion plating during coating. Moreover, since 
high-speed steel and a cermet alloy have a coefficient of thermal expansion larger than a coat, in the cooling process 
after coating, compressive stress is further added to a coat Consequently, when it takes out to a room temperature, it 
has compressive stress very higher than the case of a cemented— carbide base, and a result and adhesion become 
remarkably bad. this invention multilayer coat also solves such a trouble. 

[0007] Next, it is possible for a coat degree of hardness to improve remarkably and to make the further wear-resistant 
enhancement realize by making a coat contain carbon. In this case, if a carbon content is changed discontinuously, 
since the residual compression stress of the coat which contains carbon generally is remarkable and is high, the 
interface intensity will deteriorate remarkably. Therefore, the wear-resistant enhancement by the enhancement in 
hardness on the lubricous disposition of a coat is possible, without producing a problem in adhesion in making C2H2 or 
a carbon source of supply called CH4 increase gradually continuously, and making a coat contain carbon, in order to 
make carbon contain. 

[0008] Furthermore, the phenomenon in which wear advanced was found out by the repeat in which the porous oxide 
film which a coat oxidizes and was formed during cutting is worn out. It is the most effective to make aluminum203 
most stable coat intervene to oxidization as a means to suppress oxidization of this coat further. Therefore, after 
forming a coat by the ion plating, it succeeded in forming aluminum203 extremely excellent coat of adhesion by forming 
aluminum203 by plasma CVD or MOCVD. Wear by oxidization of a coat is sharply suppressed by formation of 
aluminum203. The feed per revolution per one blade is comparatively high, and the coat especially by this invention is 
effective especially in the intended use which the base called the insertion of a cemented carbide or a cermet alloy, 
and the high-speed-steel end mill and by which abrasion resistance and toughness (crack-proof transmission nature) 
are needed for a coat. 

[0009] Hereafter, the ground which limited the numeric value is described. The content of Ti of a layer [A] the ground 
which the content of Ti of a layer [B] made below 65 atom % more than 20 atom % to aluminum below 98 atom % more 
than 75 atom % to aluminum In the composition with the comparatively near content of two-layer Ti and two-layer 
aluminum Since it was easy to grow epitaxially among 2 phases and many defects were not able to be introduced into 
an interface when the be low -mentioned field azimuth is reversed, in the layer [A], the content of Ti carried out to more 
than 75 atom % to aluminum, and carried out to below 65 atom % in the layer [B]. Moreover, having made the content of 
Ti below into 98 atom % to aluminum in the layer [A] If it is more than 98 atom X, in order not to demonstrate the 
property which TiAl originally has, having carried out the content of Ti to more than 20 atom % to aluminum in the layer 
[B] Since it became close to the property of AIN and a wear-resistant degradation was shown when it is below 20 atom 
%, in the layer [A], it carried out to more than 20 atom X in the layer [B] below 98 atom X. 

[0010] In order to have compressive stress higher as this coat carries out orientation to a field (111) strongly, since it 
was [ the residual compression stress of this coat / itself] lower to carry out orientation to a field (200), the ground 
for having made the nitride of Ti and aluminum and the value of I (200)/l (111) of a charcoal nitride layer [B] or more 
into one was preferably made or more into one that orientation should be carried out to a field (200). Ti content 
receives aluminum, the nitride of below 98 atom X **, and a charcoal nitride layer [A] more than 75 atom X as 
mentioned above In order to introduce a lattice defect into an interface in the nitride of Ti and aluminum which earned 
out orientation to the field, and multilayer covering with a charcoal nitride layer [B], (200) The field had to be made to 
carry out orientation contrary to the nitride of the above Ti and aluminum, and a charcoal nitride layer [B] (11 1), and 
the value of I (200)/l (111) was made or less into one. Since the abrasion resistance which the nitride of Ti and 
aluminum and a charcoal nitride originally have would be degraded if an effect will not accept at all to 
oxidation-resistant enhancement in the amount of substitutes if it is below 0.1 atom X, and 50 atom X is exceeded to 
Zr, Hf, Y, etc. of the 3rd component, it carried out to below 50 atom X more than 0.1 atom X. Based on an example, this 
invention is explained below. 
[0011] 
[Example] 

Example 1JIS By the arc ion-plating method, (Ti0.95aluminum0.05), the target (Ti0.85aluminum0.15), and 
(Ti0.5aluminum0.5) the target (Ti0.3aluminum0.7) were used for the commercial high-speed-steel ********** end mill 
of a cemented-carbide insertion of P40 grade, and phi 12 or 4 sheets blade, and the coat shown in Table 1 was formed 
in it. 



0012] 
[Table Jl 
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[0013] TiN and TiAIN coat were formed by the arc ion-plating method same as a comparison tool. In the 
cemented-carbide insertion, milling cutter cutting was performed based on the cutting conditions 1, it asked with the 
cutting length until a flank-wear value becomes 0.3mm, and it was made into the life. Moreover, in the high-speed-steel 
end mill, it cut based on the cutting conditions 2, and asked for the length of cut until a flank-wear value becomes 
0.2mm, and it was made into the life. The result is also written together to Table 1. A cutting conditions -1 is **-ed 
material DAC (temper material HRC= 40) and a cutting speed. 100m / min. feed per revolution 0.1mm / blade, slitting 
2mm and the insertion were taken as the SEE42-TN configuration. A cutting conditions -2 is **-ed material DAC (raw 
material HRC= 10), the cutting speed of 50m / min, and a feed per revolution. 0.07mm / blade, the amount of 
shaft-orientations slittings 18mm, the amount of orientation slittings of a path 6mm, cutting oil nothing, Down It carried 
out by Cut. 

[0014] Also in thick-film-izing of 10 micrometers or more, neither sublation of a coat nor the chipping of the edge of a 
blade accepts, but stable prolonged cutting is possible for the multilayer covering tool by this invention so that clearly 
from Table 1. 

[0015] After forming the invention alloy shown in Table 2 like an example 1 using the arc ion-plating method using the 
insert die of cemented carbides used in the example 2 example 1, 600 degrees C, 1hr, and alpha-aluminum203 were 
formed as an outermost layer on it by M0-CVD. By the cutting conditions 1, the result which evaluated the life is 
written together to Table 2. In addition, in the example 2, composition of [A] layer set composition of 
Ti/aluminum=85/15, and a "B] layer to Ti/aluminum=50/50. 
[0016] 
Table 2] . 
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[0017] When this invention tool forms aluminum203 coat, reinforcement is further attained, so that clearly from Table 

2. 

[0018] In the example of this invention of the sample number 1 made as an experiment in the example 3 example 1, the 
carbon content was made to increase [ be / under / coat / continuity / it ], and the tool which made carbon contain 
was manufactured. The content is shown in Table 3. 
;0019] 
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[0020] Among Table 3, the thickness of the coat at the time of alpha beginning to add C2H2 and b increase C2H2 
amount gradually, and show the thickness of the coat at the time of suppose that it is fixed after that. That is, between 
a-b is the layer which a carbon content increases continuously. In this case, thickness of each class of the nitride of Ti 
or the charcoal nitrides Ti and aluminum, the nitride of the 3rd component, or a charcoal nitride was set to 0.5 
micrometers, respectively. Moreover, the ratio of Ti/aluminum of a layer [A] made the ratio of Ti/aluminum of 95/5 and 
a layer [B] 50/50. In the cutting conditionss 1 and 2 shown in the example 1, the cutting test was performed to the 
insert die of cemented carbides and the high-speed-steel end mill, and the life was searched for. The result is also 
written together to Table 3. Further wear-resistant enhancement is checked by this invention alloy by content bundle 
»♦♦♦♦♦ in carbon so that clearly from Table 3. 

[0021] The target of the 3rd component was installed for one of the best card row using the arc ion plating system 
which has the target of 46 examples (three step x2 train), and invention of composition which uses three of Ti target 
and an opposite train as TiAl target, and shows two under it in Table 4 was manufactured. 
[0022] 
[Table 4] 



3/4 



2002/01/07 15:37 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi - ejje 







MA 


r.\:iB tot*, 


























uao; 
/ten > 


iaco> 

r'tflll) 








i 


<Ti* ,A1- . 




TI. «;A1» -tN 


6 


16 


o.r. 


' I- J 


1-2 


0.3 


ft 




<Tis. 








16 


0.5 


I.E 


C2 


7.2 


n 




rri« *?.«• 


4TBt"i nj* 




ft 16 


D.t> 


Li 


C.4 


fl. & 


w 


27 








ft 16 


O.f 


l.E 


C. 3 


7. S 




a 


(TI. -?A1» 


«T?4 •OK 


! — : 


ft 16 


D.R 


1.6 


C. 2 


fi. P 






(Ti«. *rAL» 


•tY*. « »/R 






16 


O.S 


1.5 j 


L. 1 


15. £ 




3U 


(T1. «*Al( 




Ti 4. o-.lli. j 




16 


0.6 


1.7 


L 1 , 


17. b 




31 


(Ti* . rAU 








16 


0.6 


1-E 


C 1 


11 s 






(Ti«. *»Alt 


« j. rON 






16 


0.5 


| c 


t. 1 


It. s 






(T1« .»Jilt 






ft 16 


0.2 


S.S 


C. 1 








(Ti...>U» 


•»Yi. J r/5 




ft 16 






L. OS 


to 




35 


(Ti« ..Alo 






ft 16 


9.5 


t.S 


C. 15 


10.0 


tt 


36 


ri¥ 










0.5 


7.5 


0.6 


fcfc 


71 








"ft 


1 


: 1,5 


1.3 


0.5 ant 


n 


» 


(Tii. *AU . 






ft J 


2.C 


1.5 


1.7 



[0023] The 3rd component ratio was controlled by adjusting the arc current value simultaneously passed at the 3rd 
component target, although it changed with the distance from the 3rd component target It was made to oxidize by 
having carried out 1hr hold of these examples of this invention, and the example of a comparison at 750 degrees C 
among the atmospheric air, and the oxidization thickness was controlled. The result is written together to Table 4. 
Moreover, the result which carried out life evaluation in the insertion is also written together by the cutting conditions 
1. 

[0024] From Table 4, oxidation-resistant remarkable enhancement accepted according to the effect of the 3rd added 
component, and the enhancement in the life which originates in oxidation-resistant enhancement simultaneously was 
checked. 

[0025] example 525TiC-30TiN-20WC-5TaC-5Mo2C-8Co-7nickel (weight X) — it manufactured from the content which 
shows the cermet alloy of composition in Table 5, and coated like the example 1 
;0026] 
Table 5] 
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[0027] The composition ratio of TiAIN of a layer [A] made it of Ti/aluminum=85/1 5, and a layer [B] 50/50. In the 
insertion, the cutting conditions 3 performed cutting evaluation, and it considered as the life in quest of the length of 
cut until the amount of flank wears becomes 0.15mm. The result is written together to Table 5. The configuration of 3 
and an insertion (SEE42-TN) is used and a cutting conditions is ** material SKD 61 (raw material HRC12)-ed, the 
cutting speed of 250m / min, and a feed per revolution. 0.1mm / blade, the amount of slittings It is 2mm. The size of 
**-ed material is the same as that of an example 1. In the example of this invention, there is no sublation of a coat 
during cutting and long lasting achievement is possible as shown in Table 5. 
[0028] 

[Effect of the Invention] While the residual compression stress accompanied by the increase in the thickness of a coat 
was eased by applying this invention like the above, thick-film-ization was completed, and further, since it was hard to 
spread a crack, without degrading membranous adhesion, the coat which has high toughness simultaneously was 
obtained. Moreover, a coat degree of hardness, lubricity, and oxidation resistance can be notably raised by combining 
carbon with the 3rd element, an oxide coat, and a coat for inclusion etc. 
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